We have discovered a previously unreported poor cluster of galaxies (RGZ-CL J0823.2+0333) through an unusual giant wide-angle tail radio galaxy found in the Radio Galaxy Zoo project. We obtained a spectroscopic redshift of z = 0.0897 for the E0-type host galaxy, 2MASX J08231289+0333016, leading to M r = −22.6 and a 1.4 GHz radio luminosity density of L 1.4 = 5.5 × 10 24 W Hz −1 . These radio and optical luminosities are typical for wide-angle tailed radio galaxies near the borderline between Fanaroff-Riley (FR) classes I and II. The projected largest angular size of ≈ 8 corresponds to 800 kpc and the full length of the source along the curved jets/trails is 1.1 Mpc in projection. X-ray data from the XMM-Newton archive yield an upper limit on the X-ray luminosity of the thermal emission surrounding RGZ J082312.9+033301 at 1.2 − 2.6 × 10 43 erg s −1 for assumed intra-cluster medium temperatures of 1.0 − 5.0 keV. Our analysis of the environment surrounding RGZ J082312.9+033301 indicates that RGZ J082312.9+033301 lies within a poor cluster. The observed radio morphology suggests that (a) the host galaxy is moving at a significant velocity with respect to an ambient medium like that of at least a poor cluster, and that (b) the source may have had two ignition events of the active galactic nucleus with 10 7 yrs in between. This reinforces the idea that an association between RGZ J082312.9+033301 and the newly discovered poor cluster exists.
INTRODUCTION
High-resolution radio surveys performed over the past decades have shown the wide variety of radio morphologies of galaxies illustrating the complexity of the underlying physics. The majority of radio sources have compact morphology (Shabala et al. 2008; Sadler et al. 2014 ) while the extended radio-loud sources tend to be Fanaroff and Riley (FR) type I and II (Fanaroff & Riley 1974) . However, there are some extended radio-loud sources that do not fit the standard FRI or FRII classification.
The division of tailed radio galaxies into narrow-angle tails (NAT, head) and wide-angle tails (WATs) was introduced by and . Tailed radio galaxies have provided evidence that in both dense and sparse environments, the bending and distortions of radio galaxies are the result of motions with respect to the thermal plasma. WATs and straight FRI sources are often associated with the brightest galaxies in clusters (BCGs). Their radio morphologies reflect both the initial jet momentum and the mild effects of motions (e.g., Coziol et al. 2009 , have shown that a large number of BCGs have a significant peculiar velocity compared to their cluster mean) and pressure gradients in the intracluster medium (ICM; Pinkney et al. 1994; Giacintucci & Venturi 2009) .
WATs generally have C-shaped morphologies and have radio luminosities near the FRI and FRII luminosity transition (Owen & Ledlow 1994) . WATs are found in both merging and relaxed clusters at, or near, the centre and display highly collimated jets. Early models of WATs suggested that ICM ram pressure resulting from velocities > 1000 km s −1 was required to produce the observed bends (Eilek et al. 1984; O'Donoghue et al. 1993 ) but models using light jets by Sakelliou et al. (1996) , Hardcastle et al. (2005) , Jetha et al. (2006) and Mendygral et al. (2012) show that bulk velocities around 100 km s −1 are sufficient to produce WATs. FR II radio sources have their size and shape dominated by the momentum of the overpressured jet. As the jet expands it develops a cocoon and a more collimated jet flows out to power the hot spots. The jets in FRI-NATs undergo a complete disruption, after which they are carried back by external motions alone with no surrounding cocoon. Intermediate between these extremes, FRI-WATs and straight FRIs have cocoons surrounding the outer portions of their jets (Hardcastle 1998; Katz-Stone et al. 1999) , so both jet momentum and motions in the surrounding thermal medium influence the subsequent flow.
Questions remain unanswered from both the models and the observations. Are any bright radio spots or knots in the jets powered by an impinging jet? Has the energy supply shut off, so that the knots are in the process of fading due to radiative losses and mechanical dissipation? Is the jet outflow exposed to the external plasma or shielded by a stationary or slower-moving cocoon of relativistic plasma as observed around FRII and some FRI jets?
The Radio Galaxy Zoo discovery of a giant WAT (RGZ J082312.9+033301) shows the power of using bent radio sources as tracers of clusters. Upcoming wide-area radio surveys the Evolutionary Map of the Universe (EMU; Norris et al. 2011) , the WODAN survey (Röttgering et al. 2011) , and the deeper radio survey MeerKAT MIGHTEE (Jarvis 2012 ) are expected to detect over 100,000 bent radio sources (Norris et al. 2011) . Radio Galaxy Zoo will allow us to locate these bent radio sources and to investigate the physics that allows jets to be tightly collimated while undergoing significant bending.
The present paper is organized as follows. Section 2 describes the discovery of the WAT while in Section 3 we discuss the im- Figure 1 . The Radio Galaxy Zoo 3 × 3 arcmin cutout of the FIRST radio data (black contours) with the WISE 3.4 µm image (grayscale) of the Radio Galaxy Zoo subject FIRSTJ082317.2+033542 that first indicated a possible larger object shown in Fig. 2 . The contours start at 2 times the local signal to noise (1σ = 0.19 mJy beam −1 ) and increase by multiples of 2. The background colour scheme comes from CUBEHELIX (Green 2011) . A colour version of the figure is available in the online version.
plications with respect to environment, dynamics, and the central AGN. Section 4 presents our conclusions. Throughout this paper we adopt a ΛCDM cosmology of Ω M = 0.3, Ω Λ = 0.7 with a Hubble constant of H 0 = 70 km s −1 Mpc −1 . With z = 0.0897, the luminosity distance is D L = 410 Mpc and the angular size distance is D A = 345.3 Mpc giving a scale of 1.674 kpc arcsec −1 (Wright 2006) . We define the radio spectral index as S ν ∝ ν α .
WIDE ANGLE TAIL RGZ J082312.9+033301
The discovery of RGZ J082312.9+033301 was made in the citizen science project Radio Galaxy Zoo 1 (RGZ; Banfield et al. 2015) . Radio Galaxy Zoo offers overlays of the 3.4 µm image from the Wide-Field Infrared Survey Explorer (WISE; Wright et al. 2010) with the 1.4 GHz image from the Faint Images of the Radio Sky at Twenty Centimeters (FIRST; White et al. 1997; Becker et al. 1995) . The 3 × 3 arcmin 2 Radio Galaxy Zoo images are centred on the position of the radio sources listed as extended in the FIRST catalogue (version 14 March 2004) and then overlaid on the infrared image as we show in Fig. 1 . The radio images are illustrated with radio brightness contours, overlaid on a WISE 3.4 µm image in a heat scale.
RGZ J082312+033301 was identified as an unusual object in December 2013 by two citizen scientists (T. Matorny & I. Terentev) after examining the Radio Galaxy Zoo 3 × 3 arcmin 2 cutout (Fig. 1 ) of a section of the radio galaxy (N2 in Fig. 2 ). Matorny first suggested that the radio emission pointed towards another object by way of the radio extension towards the S.W.. A further investigation of RGZ J082312+033301 by Terentev and Rudnick was completed in RadioTalk 2 by examining the larger cutout of both the FIRST and WISE images along with images from the NRAO VLA Sky Survey (NVSS; Condon et al. 1998 ) and the Sloan Digital Sky Survey (SDSS) Data Release 10 (Ahn et al. 2014) and Data Release 12 (Alam et al. 2015) . It was then realized that the isolated component seen in Fig. 1 was part of a much more extended radio source which could be classified as a WAT.
In Fig. 2 we show the FIRST image in a color scale and the NVSS image with contours. We found that the core (C in Fig. 2 ) is coincident with 2MASX J08231289+0333016 (SDSS J082312.91+033301.3) and has 175 morphology votes from Galaxy Zoo 2 (Willett et al. 2013) indicating that the host galaxy has morphological features consistent with type E0 with M r = −22.6 and M V = −22.3. There is no spectrum of SDSS J082312.91+033301.3 in SDSS DR12. We used the Oxford Short Wavelength Integral Field Spectrograph for the Large Telescope (SWIFT) Integral Field Unit (IFU) spectrograph (Thatte et al. 2010) on the Palomar 5-m Hale telescope to obtain an optical spectrum of SDSS J082312.91+033301.3 on the night of 2013 December 29 UT. The target was observed with the large (0.235 arcsec) plate scale in natural seeing. We took two 300s exposures, offset from each other by 40 arcsec along the long axis of the detector to allow background subtraction. We present the one-dimensional spectrum, extracted from a 7 arcec diameter circular aperture, in Fig. 3 .
Only one secure non-telluric feature is detected in this spectrum: a narrow line centered at 7151.18Å. We identify the line as Hα (rest wavelength of 6562.81Å), providing a redshift of z = 0.0897 ± 0.0001. The uncertainty in the redshift is dominated by the subjective choice of baseline when fitting the continuum level interactively in the IRAF software; the intrinsic resolution of the spectrograph is R ≈ 4000. We note that there is no clear evidence
Archival VLA data at 8 GHz (project ID AM0593) allow us to determine that the core (S 8.4 = 12.6 ± 0.2 mJy) is a flat-spectrum object with α = −0.10 ± 0.01. Table 1 lists the possible components of RGZ J082312.9+033301 and the corresponding NVSS and FIRST identifications. Using radio components S2 to N3, we estimate the luminosity density to be L 1.4 = 5.5 × 10 24 W Hz −1 . This places RGZ J082312.9+033301 below the FR I/II boundary in a radio-versus-optical luminosity diagram like Fig. 4 of Best (2009) . However, RGZ J082312.9+033301 is still inside the rectangular area where FR Is and FR IIs occur with almost equal frequency, making it an analogue of local FRI radio galaxies like 3C 31. The lack of strong lines in the spectrum suggests that RGZ J082312.9+033301 is a low-excitation radio galaxy (LERG).
The Northern section of the radio complex is marked with the labels N1, N2, N3, and N.E. bridge in Fig. 2 . In Fig. 4(a) we show the diffuse emission connecting components N2 to N3. The N.E. bridge is detected in the lower-resolution NVSS image at a peak brightness of ≈ 4 mJy beam −1 with a total flux density of 23 mJy spread over 5 NVSS beams, and is not detected in FIRST. We note that N3 may originate from a faint galaxy SDSS J082328.28+033733.2 (Fig. 4b) at a spectroscopic redshift of z = 0.2601 (Adelman-McCarthy et al. 2006 ). Deeper radio observations are required to determine if component N3 is connected to the rest of RGZ J082312.9+033301.
Given the presently available data, there is no hint of diffuse emission connecting components S2 and S3. However, preliminary analysis of the radio structure from DnC configuration Karl G. Jansky Very Large Array observations (Heywood et al. in preparation) indicate a diffuse radio structure to the south of S2 as marginally detected in the NVSS data (Fig. 5 ). This structure is not included in the analysis of this current work. The WAT has a projected largest angular size of LAS ≈ 8 arcmin, corresponding to 800 kpc, and the total length along the curved ridge of jets/trails is ≈ 1.1 Mpc in projection. This makes this WAT comparable in size to 4C+47.51, which, to our knowledge, is still the largest WAT reported by Pinkney et al. (1994) .
DISCUSSION

Environment of RGZ J082312+033301
As radio galaxies of WAT morphology tend to trace rich environments, in this section we assess the environment of RGZ J082312.9+033301 using the optical and X-ray data available to us. Table 2 lists all of the galaxies within 31 arcmin of RGZ J082312+033301 and with spectroscopically measured redshifts from SDSS DR12 (Alam et al. 2015) between 0.08 < z < 0.09. We found no reported galaxies with a spectroscopic redshift between 0.09 < z < 0.10 within our search radius and none between 0.053 and 0.080 within 20 radius.
Optical galaxy counts
To determine the richness of the cluster environment surrounding RGZJ082312+033301, we use the parameter N −19
1.0 as described in . This is a background subtracted count of all galaxies brighter than M r = −19 at the redshift of the radio source and within a radius of 1.0 Mpc around the radio source. The background count rate is determined locally using an annulus centred on the radio source with a radius from 2.7 to 3.0 Mpc. We find RGZ J082312.9+033301 to be located in an environment with N −19 1.0 = 42 ± 1. This implies that the cluster environment surrounding RGZ J082312.9+033301 is near the poor end of the cluster richness spectrum; the vast majority of Abell clusters analysed by have N −19 1.0 > 40. However, Rykoff et al. (2014) do not detect a cluster near RGZ J082312.9+033301 in their redMaPPer catalog. The galaxy group which we propose as a possible counterpart of radio component N3 was identified with by Hao et al. (2010) as the brightest galaxy of the cluster GMBCG J125.86785+03.62590 with z phot = 0.288, as well as by Rykoff et al. (2014) as the brightest cluster galaxy of redMaPPer cluster RM J082328.3+033733.2 with z phot = 0.2647 and richness = 28 ± 3 (as of v5.10 of the catalogue 3 ). However, the Figure 5 . A colour composite of the environment within 1 Mpc (10 arcmin, the radius of the white dashed circle) of RGZ J082312.9+033301. The background is the rgb image of the SDSS field using the i band image as red (min = −0.002, max = 0.540), green as the r band (min = −0.006, max = 0.710) and the g band for blue (min = −0.002, max = 0.280), all using the asinh stretch (Lupton et al. 2004 ). The NVSS 1.4-GHz radio flux density is shown with the white contours as displayed in Fig. 2 . The orange squares indicate the galaxies with a spectroscopic redshift of 0.08 < z < 0.09 and the red circles indicate the galaxies with a photometric redshift of 0.05 < z < 0.12. A colour version of the figure is available in the online version.
RGZ WAT host cluster proposed in the present paper is not listed in this cluster catalog, possibly indicating that its richness is λ 20.
Velocity dispersion
The velocity dispersion of the environment gives an indication of its virial mass and therefore of its richness. The radial velocity distribution of the 14 galaxies with spectroscopic redshifts within 20 arcmin (2 Mpc) of RGZ J082312.9+033301 is strongly peaked around 25000 km s −1 . We ran these velocities through the ROBUST software (Beers et al. 1990 ) to estimate the mean velocity and velocity dispersion, finding C BI = 25743 ± 100 km s −1 and S BI = 373 ± 65 km s −1 . This velocity dispersion would again be consistent with a rich group or poor cluster of galaxies (e.g., Becker et al. 2007 ). Interestingly, with a redshift of z = 0.0897, RGZ J082312.9+033301 is an outlier in the velocity distribution, with a radial velocity of cz = 26900 km s −1 , so that it has a relative (or "peculiar") velocity with respect to the 13 remaining galaxies of (26900 − 25700)/(1 + z) = +1100 ± 100 km s −1 . We return to this point below, Section 3.2. 
X-ray emission
RGZ J082312.9+033301 lies at the extreme edge of an archival XMM-Newton dataset (Project ID 0721900101). At 14 arcmin from the detector centre, the target is out of the field of view of the two MOS cameras and barely in the pn field of view. The pn data were moderately affected by soft proton flaring and were filtered to an exposure time of 13.8 ks before analysis.
RGZ J082312.9+033301 is clearly detected as a point-like source in the pn data coincident with the radio core (C). In the 0.3-0.8 Kev range there are approximately 40 counts after background subtraction in a 30-arcsec radius centred on the detection, just enough to fit a rough spectrum on the assumption of a powerlaw model with a fixed photon index of 1.8 and Galactic absorption (N H = 3.77 × 10 20 cm −2 , from colden). This gives a backgroundsubtracted 2-10-keV luminosity of (3 ± 1) × 10 41 erg s −1 , which is entirely consistent with what we might expect from jet-related emission from the unresolved core, given its 1.4-GHz flux density (Hardcastle et al. 2009 ).
There is no visual evidence for additional thermal X-ray emission directly surrounding RGZ J082312.9+033301, which in itself rules out a rich cluster environment at this redshift. To make this quantitative we measured counts in a 60
• pie-slice to the NE of RGZ J082312.9+033301 , excluding the AGN and extending out to an AGN-centric radius of 280 arcsec (480 kpc). We find a 3σ upper limit on the 0.3-8.0-keV counts in this region of 195, leading to a limit on the counts from an assumed circularly symmetric X-ray environment of < 1170 counts. The temperature of the nondetected environment is unknown but we convert this limit to a luminosity on the assumption of various temperatures in the range kT = 1.0 keV (appropriate for a reasonably rich group) to kT = 5.0 keV (a rich cluster), assuming 0.3 solar abundance and the redshift of RGZ J082312.9+033301. The bolometric luminosity upper limits implied by this are between 1.2 × 10 43 erg s −1 for kT = 1.0 keV and 2.6 × 10 43 erg s −1 for kT = 5.0 keV, which is certainly not consistent with a rich cluster environment given the well-known temperature-luminosity relation for groups and clusters. It is, however, consistent with the measured velocity dispersion: Helsdon & Ponman (2000) find that one may expect a luminosity ∼ 10 43 erg s −1 for S BI ≈ 400 km s −1 . We note that this is also the typical luminosity for a low-excitation radio galaxy of this luminosity found in the study of Ineson et al. (2015) .
It is worth noting that there is a marginally significant detection of extended emission with 90 ± 30 background-subtracted 0.3-8.0-keV counts in a 1-arcmin source circle centred at RA=08h 23m 07.0s, Dec=+03
• 33 53 , 1.7 arcmin (170 kpc) to the NW of RGZ J082312.9+033301. Given the signal to noise it is impossible to confirm that this is thermal emission, but it is perfectly possible that it represents the peak of the thermal emission from a group of galaxies with the properties estimated above from the optical data, possibly associated with the bright nearby galaxy SDSS J082306.16+033412.1. The limits we describe above on emission from around RGZ J082312.9+033301 would clearly be consistent with a detection at this level. If so, this would reinforce the idea that the radio galaxy host is somewhat dynamically and physically offset from the rest of the environment. Deeper X-ray data are required to investigate this further.
We can conclude, based on the optical and X-ray constraints we have, that the environment of RGZ J082312.9+033301 is consistent with being a rich group or poor cluster of galaxies. We designate this poor cluster as the "Matorny-Terentev Cluster" RGZ-CL J0823.2+0333. Indications of such a cluster have appeared only indirectly in a few references that refer to some of its members as galaxy pairs (Merchán & Zandivarez 2005; Berlind et al. 2006; Wen et al. 2009; Keel et al. 2013) or to galaxy groups (Tago et al. 2006; Tempel et al. 2012 ).
Dynamics of RGZ J082312.9+033301
We want to determine if there is a plausible set of jet and medium parameters that could explain the large size and bent radio morphology of RGZ J082312.9+033301. The parameters include the radius of curvature r c , the radio jet radius r r , density ratios of the radio jets ρ r to that of the cluster environment ρ ICM , the velocity of the radio jets v r , and the velocity of the galaxy with respect to the cluster's barycentre v g .
The high ratio of the velocity of the WAT host to the velocity dispersion of the cluster discussed above (1100 km s −1 / 373 km s −1 = 2.9, for the galaxies within 20 arcmin) raises the question of whether it could be a background object, and not bound to the cluster. However, as a background object it would not have a significant local thermal plasma to bend the radio structure. Some perspective on this issue comes from the study of the dynamical distribution of X-ray AGN in 26 LoCuSS clusters (Haines et al. 2012) . They show that AGN have velocities between 1 and 3 times the velocity dispersion of their clusters, with a mean velocity dispersion 1.5 times that of the non-active galaxies. This distribution is indicative of an infalling population, rather than a virialized one. The WAT host is consistent with this behaviour, and might thus be recently encountering the cluster. The spatial offset between the AGN host and the peak of the X-ray emission, if real, would also be consistent with such a picture. Fig. 2 allows us to place an upper limit on the radius of the radio jets of r r ≤ 15 kpc (9 arcsec) if we use the projected size of the knots or hotspots in the FIRST image. We can also estimate the radius of curvature of the entire WAT to r c = 345 kpc by fitting a circle to connect N3 to S2. In order to determine the densities required to produce the observed bending we use a range of density ratios ρ r /ρ ICM = 10 −6 − 10 −2 (e.g., Douglass et al. 2011 ) based on our observation of RGZ J082312.9+033301 living in a cluster (Section 3.1). Using Euler's equation (Jones & Owen 1979; Begelman et al. 1979) :
and the values above we find that the velocity of the radio jets is in the range 0.005c < v r < 0.5c. While this could be suggestive of explaining its bent shape, we note that these are only radial velocities, and to see a significant bend, an appreciable transverse (plane-of-sky) velocity is required. In addition, if the equation of state is relativistic then the relativistic enthalpy density is more relevant. The bending depends on the ratio of the jet momentum flux and the ram pressure in the putative cross flow (or, more properly, the pressure change across the jet). If we know or can estimate the ratio of the pressures in the jet and the ambient medium, we can write the bending formula (Eqn. 1) in terms of that ratio and the ratio of the jet and cross flow Mach numbers. In this form one finds that NATs require a relatively small Mach number for the jet flow, of typically only a few if the jet and ambient pressures are comparable. In a WAT the jet Mach number would be higher relative to the cross flow Mach number. Future radio and X-ray observations will provide the necessary data to constrain these parameters.
Possible re-ignition of RGZ J082312.9+033301
We find that RGZ J082312.9+033301 displays an unusual radio structure extending over a large linear size. Typical features of WAT radio galaxies are regions brightening along the jet trails, especially around the bends. The brightening regions extend farther into bright diffuse components that slowly fade away in brightness. However, RGZ J082312.9+033301 shows tightly collimated radio structure throughout its extent (Fig. 2) . Here, we speculate if it is possible that the observed bright regions are hotspots typical of FR II radio galaxies rather than knots along the jet paths (Fig. 1) . The existence of hotspots could suggest that the WAT is a re-started (doubledouble) radio galaxy having had two or three episodes of activity during its lifetime. Assuming the head jet speed is v = 0.05c from the velocity range in Section 3.2, we evaluate the minimum age of the observed radio structures simply as t min = d/v r . In Table 1 we list the separation between components and the estimated timescale for z = 0.0897. We calculate the minimum age of the Northern arm (C -N2) as 19 Myr and of the Southern arm (C -S2) as 20 Myr. It typically takes between 0.1 Myr and 100 Myr for the radio structures to dissipate once the central AGN engine switches off (e.g. Komissarov & Gubanov 1994; Kaiser et al. 2000; Kapińska et al. 2015) . With these timescales one would expect hotspots from previous activity to almost entirely fade away leaving behind diffuse emission of the remnant lobes (N2, S2). Component N2 appears to have features consistent with FRII hotspots while component S2 does not, suggesting that the AGN engine has switched off and the hotspots are beginning to dissipate.
Radio galaxies have been shown to undergo multiple active phases separated by periods of quiescence time when the jet production is shutdown (e.g., Schoenmakers et al. 2000; Kaiser et al. 2000; Saikia & Jamrozy 2009 ). The dormant/quiescent phase for the AGN may last between 1000 yr and 100 Myr (e.g. Shabala et al. 2008; Kunert-Bajraszewska et al. 2011; Shulevski et al. 2015) . The inner components (second phase of AGN activity) may be as young as 5 Myr (C -N1) and 8 Myr (C -S1). The implied dormant phase of the order of 10 Myr would be consistent with typical timescales for the quiescent phase of radio activity. Therefore, RGZ J082312.9+033301 could have had two episodes of AGN activity.
However, the speculative N3 and S3 components would only work in such a scenario if one considers a much rarer case of an inverted triple-double source. A triple-double is a radio galaxy that displays three episodes of activity; at least one such example is known (Brocksopp et al. 2007 ). An inverted double-double is a re-started radio galaxy in which the hotspots from the new activity episode were formed farther away from the radio core than the previous activity older material. This may happen if the density of the previous activity plasma has decreased enough for the re-started jets to pass easily through. This scenario would require the dormant stage of the order of 100 Myr and no hotspots formed within components N1, S1, N2 and S2 Marecki & Szablewski 2009 , and references therein). We find no evidence of extended relic radio emission around components N3 and S3, but instead rather compact emission. Therefore, RGZ J082312.9+033301 does not show characteristics of an inverted triple-double source.
All previously discovered double-double radio galaxies display classical straight radio structures (FR II morphology). If RGZ J082312.9+033301 is indeed a re-started radio source, it would pose significant questions as well as constraints on the evolutionary models of re-started radio galaxies (cf. Brocksopp et al. 2007 Brocksopp et al. , 2011 . To resolve this issue both high resolution high radio frequency, and low radio frequency observations are required, which will allow one to investigate the existence of hotspots and determine the spectral ages of the components. We are currently pursuing observations to address these issues and results will be presented in forthcoming publications.
CONCLUSIONS
We presented evidence for a previously unreported poor cluster of galaxies (Matorny-Terentev Cluster, or RGZ-CL J0823.2+0333) discovered through an unusual giant WAT radio galaxy found with the citizen science project Radio Galaxy Zoo (Banfield et al. 2015) . The host of RGZ J082312.9+033301 is also known as 2MASX J08231289+0333016 and has been classified by volunteers of Galaxy Zoo 2 (Willett et al. 2013 ) to be of Hubble type E0. We estimate the 1.4 GHz luminosity density to be L 1.4 = 5.5 × 10 24 W Hz −1 . Using the Oxford Swift IFU spectrograph on the Palomar 5m telescope we found RGZ J082312.9+033301 to have a redshift z = 0.0897 ± 0.0001. At this redshift, we find the largest linear size of RGZ J082312.9+033301 to be 0.8 Mpc, and measuring 1.1 Mpc along its curved tails making this giant WAT comparable in size to the largest known WAT 4C+47.51.
Investigation of the surrounding environment through the N −19 1.0 measurement by and through Abell's cluster richness (Abell et al. 1989) indicate that RGZ J082312.9+033301 lives in a cluster near the poor end of the cluster richness spectrum.
Investigation of the surround environment through the N −19 1.0 measurement by indicates that RGZ J082312.9+033301 is located in a cluster near the poor end of the cluster richness spectrum, consistent with Abell's cluster richness classification (Abell et al. 1989 ). However, RGZ-CL J0823.2+0333 was not found in the redMaPPer catalog (Rykoff et al. 2014 ) and our X-ray analysis indicates that RGZ J082312.9+033301 lives within a rich group rather than a cluster. Thus, combining the radio, optical, and X-ray data we conclude that RGZ J082312.9+033301 lives in an unreported poor cluster of galaxies. In order to understand the radio morphology of RGZ J082312.9+033301, we have placed limits on the dynamics of the system. We estimate the velocity of RGZ J082312.9+033301 to be v g ≥ 1100 km s −1 with a jet velocity of 0.005c ≤ v r ≤ 0.5c. Using these values we have shown that RGZ J082312.9+033301 could have multiple re-triggering episodes of active phases with a dormant phase on the order of 10 Myr.
The discovery of RGZ J082312.9+033301 shows the benefit of using bent-tail radio sources as beacons of clusters of galaxies. However, the difficulty lies in detecting them in the data of the upcoming radio surveys like EMU, WODAN and MeerKAT MIGHTEE. Expanding on further citizen science projects building on Radio Galaxy Zoo, or on the future development of machinelearning techniques will be key to locating these bent-tail radio sources to find and study clusters of galaxies.
